Puberty is often delayed in children with chronic kidney disease. A 5-year-old boy suffering from severe chronic kidney disease due to a mutation in the TCF2 gene presented with a clinical precocious peripheral puberty 3 weeks after introducing cinacalcet and 2 months after introducing lanthanum carbonate. A retrospective measurement of serum sexual and adrenal hormones before the introduction of cinacalcet but after the introduction of lanthanum carbonate revealed an asymptomatic biological underlying precocious puberty. With more than 1-year follow-up, the aetiology of this precocious puberty remains unexplained. Cinacalcet can be responsible for hypotestosteronaemia in adults, but no case of precocious puberty has been described in association with cinacalcet so far. Natural lanthanides can activate in vitro the calcium sensor receptor, but there are no clinical data about side effects of lanthanum carbonate on sexual hormones. An unknown phenotype of TCF2 mutation may also be discussed. Monitoring of plasma testosterone in patients receiving unlicensed paediatric drugs for managing hyperparathyroidism and presenting with a change in genitals is therefore recommended.
Background
Precocious puberty affects 1 in 5000 children and is 10 times more common in girls. It is defined as the appearance of any sign of secondary sexual maturation before the age of 8 years in girls and 9 years in boys [1] . Many aetiologies of precocious puberty have been described [2] ; iatrogenic causes (e.g. topical androgen or topical testosterone) are rare [2, 3] . On the other hand, children with chronic kidney disease (CKD) often present with delayed puberty [4] .
Case report
A 5-year-old boy was diagnosed with renal hypodysplasia with a de novo mutation in the TCF2/HNF1ß (transcription factor 2/hepatocyte nuclear factor type 1ß) gene during infancy (renal cysts and diabetes syndrome). Renal function progressively deteriorated, leading to severe CKD (estimated GFR 10 mL/min/1.73 m 2 ). Hyperparathyroidism progressed despite conventional conservative measures. The first therapeutic step included alphacalcidol, calcium carbonate and sevelamer. Due to an increase of serum calcium without any impact on parathyroid hormone level (PTH, Roche Elecsys R assay, Roche Diagnosis, Mannheim, Germany), calcium carbonate and sevelamer were discontinued. Lanthanum carbonate was then introduced, with a moderate benefit on PTH levels. As PTH remained between 500 and 800 pg/mL despite a good therapeutic and dietary compliance, cinacalcet was introduced at a daily initial dose of 10 mg (corresponding to Day 0 in Figure 1 ), 2 months after the introduction of lanthanum was discontinued at the beginning of cinacalcet therapy. Four weeks later, PTH level remained high and cinacalcet was increased to 20 mg, and 1 week later to 30 mg. PTH level remained high but stable, ∼500 pg/mL. In the mean time, serum calcium and phosphate levels remained stable leading to cinacalcet discontinuation 50 days after its introduction, because of digestive intolerance (nausea, vomiting and weight loss). Since PTH levels increased again, cinacalcet was reintroduced at a low dose (10 mg/day) 3 weeks after the first stop.
Concomitant treatments were not modified during this period (alphacalcidol, oral iron supplementation and sodium bicarbonate).
The patient was at a prepubertal stage before starting cinacalcet (Tanner stage G1 P1). Pubic hair was first noticed by the mother about 2 weeks after starting cinacalcet and progressively increased together with the onset of numerous erections. The parents complained about this problem about 45 days after the first clinical signs (i.e. 1 week after cinacalcet reintroduction). Physical examination revealed symmetric enlargement of both testis and increased length of penis, corresponding to Tanner stage G3 P2. An adverse effect of cinacalcet was first hypothesized, and cinacalcet was immediately stopped.
Biological data concerning PTH and pubertal followup are summarized in Figure 1 and in Table 1 . Briefly, serum testosterone was markedly increased since the patient always presented serum values >0.7 nmol/L (normal values for age and gender: 0.28 ± 0.01 nmol/L), with a peak of 9 nmol/L. Serum follicle-stimulating hormone (FSH) was normal whereas serum luteinizing hormone (LH) was slightly increased, fluctuating between 1.1 and 4.1 IU/L (normal values for age and gender: 0.17-0.6 IU/L). Serum estradiol level was normal. Antimullerian hormone (AMH) serum levels were decreased, fluctuating between 68 and 126 pmol/L (normal values for age and gender: >200 pmol/L). Inhibin B serum levels were increased, fluctuating between 319 and 406 ng/L (normal local values for age and gender: 42-268 ng/L). Dehydroepiandrosterone sulphate (DHAS) was increased, fluctuating between 2022 and 3205 nmol/L (normal values for age and gender: 320 ± 250 nmol/L).
Thus, biological data corresponded to a precocious puberty. A central precocious puberty was initially unlikely as serum FSH was normal, despite a slight increase of serum LH level. Two magnetic resonance imagings of the brain and hypothalamic-pituitary axis 2 months and 15 months after the beginning of precocious puberty were normal. An adrenal aetiology of precocious puberty was excluded by normal levels of steroids. Adrenal ultrasound examination was normal. DHAS was increased for age, corresponding to normal pubertal values. Tumour markers (human chorionic gonadotropin and α fetoprotein) were negative.
A retrospective measurement of serum sexual and adrenal hormones before the introduction of cinacalcet but after the introduction of lanthanum carbonate revealed an asymptomatic increase of serum testosterone, DHAS and LH levels, whereas serum AMH was decreased, suggesting the presence of an underlying asymptomatic precocious puberty before the introduction of cinacalcet (Table 1, Figure 1 ).
There was also an acceleration of both growth velocity (from 0.5 standard deviation to the mean within 6 months) and skeletal age, as illustrated in Table 1 .
About 2-3 weeks after cinacalcet discontinuation, the parents noted a stabilization of pubic hair with a reduction of the frequency of erections. Six months after cinacalcet had been discontinued, biological data progressively normalized and clinical symptoms improved (Tanner stage G2 P2). But 7 months after cinacalcet discontinuation, testosterone levels increased again, in association with an increased serum LH. A secondary central puberty due to the maturation of the hypothalamus/hypophysis axis after testosterone exposure was then hypothesized; a treatment by triptorelin was therefore initiated, leading to an initial escalation of 
Discussion
Virilization in young children is uncommon and is associated with androgens, which may be from either endogenous or exogenous source. In this patient, the role of CKD adds an important bias in analysing clinical and biological data, since biological normal values of sexual and adrenal hormones are not well known in advanced paediatric CKD. Moreover, the acceleration of growth velocity despite a low GFR (10 mL/min/1.73 m 2 ) was probably equivalent to a 'pubertal' growth acceleration.
An exogenous intoxication with testosterone can be excluded since testis would have had a normal size in that case. Exceptional genetic aetiologies of testotoxicosis were excluded: there was no mutation neither in the LH receptor nor in the GNAS gene, encoding for the α subunit of the protein G.
Cinacalcet is a recent drug without license in children that acts as a calcimimetic agent via an allosteric activation of the calcium sensor receptor (CaR) in the parathyroid gland, inducing conformational changes in the CaR [5] . Recent reports have showed a good tolerance and efficacy in children [6] [7] [8] . Initial half-life of cinacalcet is 6 h and terminal half-life is 30-40 h. The equilibrium state is obtained within 7 days. Its biodisponibility ranges from 20-25% (fasting) to 50-80% (during a meal) [9] . Adverse effects mainly include nausea and vomiting (∼30% of patients, mainly with high doses), hypersensitivity, rash, seizures, hypocalcaemia and asthenia [9] . Cinacalcet can be responsible for hypotestosteronaemia that has been described both in chimpanzees and in men during the first studies of the molecule. In chimpanzees, hypotestosteronaemia was explained by a delay of maturation in these animals, possibly due to a decreased weight gain; testes were normal on histological examination [9] . In adult male patients, plasma testosterone was found to be decreased 6 months after the beginning of the treatment, with a median decrease of 31% with cinacalcet versus 16% with placebo. Such a biological adverse effect was not associated with any clinical consequences [9] . The pathophysiology of hypotestosteronaemia is currently unknown, but a protein G may be involved, since both CaR and LH-receptor act via such a protein. Long-term studies are ongoing, but results are currently unavailable. To our knowledge, there are no described homologies between the CaR and the LH receptor.
In our patient, the causal relationship between the occurrence of precocious puberty and cinacalcet treatment is likely according to the WHO-UMC system for standardized case causality assessment [10] . The time relationship with precocious puberty observed 2 weeks after the introduction of cinacalcet, the only new drug during the last month, is plausible. Furthermore, biological and clinical abnormalities initially progressively disappeared after stopping cinacalcet. Finally, alternative causes were not found.
However, cinacalcet may have destabilized a previously abnormal endocrinological state, since pre-therapeutic serum analysis showed that there was probably an underlying asymptomatic endocrinological dysregulation. In such a hypothesis, the LH receptor could have already been activated. The administration of cinacalcet could have activated both the CaR (that was the therapeutic target) and the LH receptor, thus inducing hypertestosteronaemia and clinical symptoms.
With more than 1-year follow-up, the aetiology of asymptomatic precocious puberty before the introduction of cinacalcet remains unexplained; it could be secondary to lanthanum carbonate, since (1) no obvious aetiology for the precocious puberty was found after complete endocrinological investigations and (2) natural lanthanides can activate in vitro the CaR [11] . However, to our knowledge, there are no clinical data about side effects of lanthanum carbonate on sexual hormones.
An unknown complication of 'renal cysts and diabetes syndrome' may also be regarded. This syndrome is due to a mutation in the TCF2 gene. It associates renal abnormalities (i.e. hypoplastic glomerulocystic kidney disease, cystic renal dysplasia or solitary functioning kidney), genital malformations (mainly müllerian abnormalities), abnormal liver enzyme levels, pancreas atrophy and maturity-onset diabetes of the youth [12] [13] [14] . To our knowledge, only hypospadias (one case report) in association with a TCF2 gene mutation has been described [14] ; precocious puberty and testotoxicosis have not been described in this syndrome. Moreover, there was no evidence of other endocrine dysregulation, in particular for glucose, thyroid and adrenal metabolism.
In conclusion, this patient presented with precocious puberty just after the introduction of cinacalcet and 2 months after the introduction of lanthanum carbonate. To our knowledge, it is the first report of a likely iatrogenic precocious puberty with a calcimimetic drug and/or with lanthanum carbonate. Physicians should be aware of this adverse effect: a monitoring of plasma testosterone in patients receiving drugs for hyperparathyroidism and presenting with a change in genitals may be recommended.
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